This study aimed to evaluate the association between body mass index (BMI) and progression in triple-negative breast cancer (TNBC). We retrospectively reviewed the medical records of 50 patients with TNBC who underwent breast-conserving surgery or mastectomy between 2007 and 2014. All patients were classified according to BMI (median 23.5 kg/m 2 , range 17.2-31.6 kg/m 2 ): 31 patients (62%) were classified as being overweight or obese (BMI ≥ 23 kg/m 2 ) and 19 patients (38%) were classified as having a normal body weight (BMI < 23 kg/m 2 ). The median follow-up for patients was 31.1 months (range, 6.7-101.9 months). Progression occurred in 7 patients (14%), including 5 ipsilateral breast tumor recurrences, 2 regional lymph node metastases, and 5 distant metastases. Progression was significantly correlated with overweight or obese patients (P = 0.035), while none of the normal weight patients showed progression. The 3-year disease-free survival (DFS) and overall survival (OS) rates were 85.0% and 87.7%, respectively. DFS was significantly reduced in overweight or obese patients compared to that in normal weight patients (P = 0.035). However, OS was not significantly compromised by being overweight or obese (P = 0.134). In conclusion, being overweight or obese negatively affects DFS in TNBC patients.
INTRODUCTION
Breast cancer is not a homogeneous disease, but is composed of several different molecular subtypes that are in turn classified based on the impact of treatment choice and their positivity for 3 receptors: the estrogen hormone receptor, progesterone hormone receptor, and human epidermal growth factor receptor-2 (HER-2) (1). There are 4 molecular subtypes of breast cancer: luminal A, luminal B, HER-2 positive, and triple-negative breast cancer (TNBC). Among those subgroups, TNBC, which refers to the negative expression of all 3 receptors, is known to have a poor prognosis (2) . TNBC patients also present with earlier relapse and death compared to those with other subtypes (2) . Moreover, the need for effective new treatments for TNBC is unmet, as patients in this subgroup do not respond to endocrine or targeted therapy (3) .
According to recent studies, cancer progression is related to metabolic changes in the body (4, 5) , and the notion of breast cancer being a metabolic disease has been receiving more attention recently (6) . According to Turkoz et al. (7) , being overweight or obese significantly increases the risk of TNBC; moreover, other recent studies showed that the prognosis of TNBC is closely related to being overweight or obese (8) (9) (10) . In a largescale, multicenter study, Hao et al. (11) recently reported that the prognosis of TNBC, especially survival, is closely associated with being overweight in Chinese patients.
The aim of this study was to investigate the association between body weight and prognosis of patients with TNBC. We evaluated the relationship between being overweight and the progression of TNBC in Korean patients.
MATERIALS AND METHODS
We retrospectively reviewed the records of 304 patients who underwent curative surgery for breast cancer between February 2007 and October 2014 in Busan Paik Hospital. All the patients were women pathologically diagnosed with invasive ductal carcinoma. Of these patients, those with distant metastases and/or bilateral breast cancer were excluded from the study. Only patients who had not previously undergone cancer-related breast surgery were enrolled. After categorizing patients according to the molecular subtype of their diseases, 50 were classified as TNBC patients and evaluated in this study.
Intrinsic molecular subtypes were classified based on the St. Gallen consensus of 2013 (1) . For pathologic studies with immunohistochemistry, TNBC was defined according to the ex-pression of estrogen receptor, progesterone receptor, and HER-2. The primary antibodies used for this study were as follows: estrogen receptor (1:90; Novocastra Laboratories Ltd., Newcastle upon Tyne, UK), progesterone receptor (1:170; Novocastra Laboratories Ltd.), HER-2 (Ventana Medical Systems Inc., Tucson, AZ, USA), Ki-67 (1:280; Dako, Glostrup, Denmark), and p53 (1:150; Dako). For estrogen and progesterone receptor status, activity less than 10% was considered negative. HER-2 expression was graded from 0 to 3+ according to the American Society of Clinical Oncology guidelines (12); HER-2 negativity was defined as a score of 2 or less (13) . Positivity for p53 (14) and the Ki-67 labeling index were also determined on the basis of pathologic examination (15) .
Menopausal status indicates changes in estrogen and/or progesterone hormonal levels and is an important factor in breast cancer prognosis (11, 16) . However, in the current study, it was difficult to directly identify patients' menopausal statuses from their medical records. Therefore, we divided patients into 2 subgroups based on age as a substitute for grouping by menopausal status in order to estimate the difference in the prognostic effect of being overweight between premenopausal and postmenopausal women. The median age of Korean women who experienced menopause was estimated at 49.4 years according to a report from the Korean Occupational Safety and Health Research Institute (2010) (17) . Therefore, patients in this study aged < 50 years were considered pre-menopausal and patients aged ≥ 50 years were considered postmenopausal.
The body mass index (BMI) was calculated as the body weight divided by the square of the height. Based on the Asian BMI classification (18), a BMI < 23 kg/m 2 indicated normal weight while a BMI ≥ 23 kg/m 2 indicated overweight or obese. We attempted to determine the cut-off BMI value at which disease-free survival (DFS) would be affected.
DFS was defined as the time interval from the date of surgery to overall progression (including ipsilateral breast tumor recurrence, regional lymph nodal failure, and distant metastases). Overall survival (OS) was defined as the time interval from the date of surgery to the date of death or the last follow-up.
For statistical analysis, SPSS version 18.0 (SPSS, Chicago, IL, USA) was used. The Fisher exact test was used to determine the clinical factors related to treatment failure. DFS and OS rates were estimated by using the Kaplan-Meier method. The logrank test was used to compare clinical variables. Statistical significance was defined as P < 0.05 (two-sided test). The maximal χ 2 method was used to determine which BMI value could best segregate patients into the poor-and good-prognosis subgroups according to DFS, with the log-rank test used to measure the strength of the grouping. MaxStat, a maximal chi-square method in R 2.13.0 (R Development Core Team, Vienna, Austria, http: //www.R-project.org) was used to identify the optimal cut-off point.
Ethics statement
The study was reviewed and approved by the institutional review board of Inje University Busan Paik Hospital (IRB Approval No. 15-0235). The requirement for informed consent was waived owing to the retrospective nature of the study. in this study included breast-conserving surgery or modified radical mastectomy. Systemic chemotherapy (CT) was administered to most patients (n = 41, 82%). The majority of patients (n = 38, 76%) underwent CT in an adjuvant setting, except for 3 patients who were treated with neoadjuvant CT. Several CT regimens based on anthracycline, taxane, and platinum were used. For adjuvant radiotherapy (RT), most patients who underwent breast-conserving surgery underwent postoperative RT (30/36, 83.3%). Conversely, only patients with a high risks of relapse (especially those who had multiple metastatic regional lymph nodes) underwent adjuvant RT after modified radical mastectomy (4/14, 28.6%). The median total RT dose was 60.4 Gy (range, 50-66 Gy). The most commonly applied RT scheme (n = 17) was whole breast irradiation with tangential photon beam RT (total 50.4 Gy with 1.8 Gy per fraction) followed by single electron beam boost (total 10 Gy with 2 Gy per fraction). Table 2 
RESULTS

Patients and treatment
Recurrence
The median follow-up for patients was 31.1 months (range, 6.7-101.9 months). During the follow-up period, recurrence occurred in 7 patients (14%), including 5 cases of ipsilateral breast tumor recurrence, 2 of regional lymph node metastasis, and 5 of distant metastasis (i.e., some of the patients had multiple types of progression). The sites of the observed distant metastases were the lungs, brain, and bone.
Overweight or obesity was found to be significantly related to disease progression (P = 0.035). All observed progression occurred in overweight or obese patients, while normal weight patients did not experience progression. No patient (0%) with normal weight developed ipsilateral breast tumor recurrence, regional lymph nodal recurrence, or distant metastasis. 
Survival
During the follow-up period, 4 breast cancer-related deaths were noted. The 3-year DFS and OS rates were 85.0% and 87.7%, respectively (Fig. 1) . Table 3 shows the prognostic factors for DFS. Being overweight or obese was significantly correlated with DFS (P = 0.035). A reduced 3-year DFS was observed in overweight or obese patients compared to patients of normal weight (P = 0.035, Fig. 2A ). Moreover, younger patients tended to have poor DFS (P = 0.067, Table 3). However, OS was not significantly compromised by being overweight or obese (P = 0.134, Fig. 2B ).
Prognostic factors for survival
Prognostic value of BMI for DFS
The cut-off value of BMI for classifying patients according to the DFS was 23 kg/m 2 (by using the maximal χ 2 method, M = 2.2675, P = 0.299).
Effects of age and being overweight on prognosis
The detrimental effect of being overweight or obese was clearly indicated in the DFS rate of younger women (age < 50 years, P = 0.033, Fig. 3A) . In contrast, older women (age ≥ 50 years, P = 0.292, Fig. 3B ) did not show a significant difference in DFS according to BMI.
DISCUSSION
Our study revealed that being obese or overweight is closely related to disease progression in TNBC. DFS was also significantly affected by being obese or overweight. The estimated BMI cut-off value that best segregated DFS was 23 kg/m 2 according to our study results. BMI ≥ 23 kg/m 2 is also the cut-off value that defines being "overweight" in Asians. The harmful effect on prognosis of being overweight or obese was more clearly apparent in younger patients (age < 50 years) than in older patients (age ≥ 50 years). Obesity or overweight is a potentially modifiable risk factor of breast cancer (19) . Lifestyle changes (including exercise) and weight control can be attempted to improve treatment outcomes in TNBC patients. Explaining the risk of cancer progression related to overweight and obesity to TNBC patients in clinics may be a helpful motivating factor for lifestyles changes.
The mechanism between the progression of breast cancer and metabolic changes has not yet been fully explored. Leptin and insulin-like growth factor-1 have been mentioned as playing roles in the poor prognostic effects of being overweight or obese in breast cancer patients (8) . Leptin, which is secreted by adipocytes, acts as a growth factor (8) , and the insulin-leptinadiponectin axis is suggested to be a link between breast cancer and metabolic syndrome (20) . Additionally, Liu et al. (21) reported that lipids activate growth promoting signals such as those involving lysophosphatidic acid, insulin, insulin-like growth factor-1, and endothelial growth factor to promote cancer cell growth. Poly (ADP-ribose) polymerase inhibitors are already used in TNBC treatment (3). However, further investigation is required to understand the specific association between being overweight and TNBC progression. Such research would be helpful towards discovering new cancer treatment strategies for TNBC.
Menopausal status and related changes in estrogen/progesterone hormone levels may affect the outcome of TNBC. Generally, young patients with breast cancer are known to have poorer prognosis than aged patients. According to a recent study, TNBC is categorized into 7 heterogeneous pathologic subgroups according to gene expression profiles (basal-like 1, basal-like 2, immunomodulatory, mesenchymal, mesenchymal stem-like, luminal androgen receptor, and unstable) (22) . The predominantly poor prognostic effect of being overweight or obese on young patients in our study may be related to the tumor's intrinsic clinicopathologic features. If young and old TNBC patients belong to different pathologic subgroups, the prognostic effect of being overweight or obese may potentially be attributed to pathology.
More attention is required for overweight and obese patients, who require closer follow-up. Short-interval, frequent followup sessions may be helpful for early detection of relapse. Intensified adjuvant treatment for overweight patients, including combination CT (23, 24) and dose-escalated RT (25) , can be attempted as treatment options to improve outcomes. In cases with clinically suspected recurrence, active and immediate diagnostic evaluation and treatment should be performed.
Because this study dealt with only 50 patients for evaluation, there are limitations to our results. The finding that being obese or overweight showed no effect on OS may be associated with the relatively small number of patients and short-term followup in this study. Large-scale and long-term follow-up studies are warranted to clarify the prognostic significance of being overweight in TNBC. Selection bias should be also taken into consideration because of the retrospective design of this study. Our results should be interpreted while taking into account that overweight or obese patients might have received relatively lower doses of CT owing to their larger body weights.
In conclusion, being overweight or obese is associated with worse TNBC prognosis. Furthermore, progression after surgery in TNBC patients is related to their BMI. Further efforts are required to determine the mechanisms underlying how overweight induces poor prognosis in TNBC. We expect that controlling metabolism will provide a path towards new treatments for TNBC.
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